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Instead of a cylindrical or spherical tophat design, these analyzers use flat plate with thousands 
of individual apertures.  This flat plate geometry greatly eases manufacturing, and results in a 
very inexpensive instrument as describe by Enloe et al. (2003).
Above shows the flat plate analyzer used in this design described by Maldonado et al. (2020).  
The left image depicts the analyzer consisting of an entrance and exit aperture, sandwiched 
around the central energetic, electrostatic analyzer (EESA) cavity.  The right panel is a photo of 
the front face of the instrument, which has 2025 individual analyzer elements.   
On the left is a side view of an individual analyzer element.  Particles enter the analyzer from 
the left through the entrance aperture (1).  The analyzer cavity (2) is essentially two biased flat 
plates.  For an ion analyzer, V1 would be positively biased, and V2 is held at electrical ground.  
Particles with correct initial energy (speed), shown as the blue line, have a force parallel to the 
electric field, and make it through the exit aperture (3), and are collected on an anode behind 
the element.  Particles with greater energy than the band-pass (green) are not bent as much, 
and hit the rear wall.  Particles with energy less than the band-pass  (red) are bent more, and 
hit the bottom wall.  To the right is a 3-D view of the analyzer, with particles which make it 
through the analyzer shown in blue. 
The Size, Weight and Power (SWAP) of a flat plate analyzer enables science grade 
measurements in a CubeSat compatible design.  Five instruments using this design were flown 
on experimental DoD satellites, the first launching in the fall of 2018.  A exploded view of one of 
the instruments is shown below, taken from McHarg et al. (2015).  The instrument measured 
126x102x45 mm, consumed 2 W when the dosimeter was running, and weighed 900 grams.
Left: Exploded view of the Integrated Miniaturized Electrostatic Analyzer (iMESA) flown on 5 
DoD spacecraft.  The instrument includes a flat plate electrostatic analyzer, a microdosimeter, 
a microcontroller and associated electronics. Right: Photo of flight iMESA
The prototype of the iMESA instrument was 
flown on the STPSat-3 mission from 2012-
2019 accumulating data for 984 days.  
Shown on the right are four example 
energy spectra, along with fits to a drifted 
Maxwellian energy distribution.  From 
Wilson et al. (2020)
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Adding baffles to the front 
collimate the incoming 
particles.  The unit baffle is 
500 mm long (l) by 200mm 
tall (hb) with an extra 
entrance aperture
l
hb
 Number of particles: 1E5
 Number of baffles: 3
 Circle source with conical 
distribution to create 
uniform distribution
• Source diameter: 0.10 
mm
• Energy: 15 to 45 eV
• Half Angle: 10 degrees
 Energy resolution at 
FWHM is 0.20
 Angular resolution is ± 2 
degree
 Throughput efficiency is 
0.065
Initial Simulation Results w/ CollimatorInitial Simulation Results w/o Collimator
 Number of particles: 1E5
 Circle source with conical 
distribution to create 
uniform distribution
• Source diameter: 0.10 mm
• Energy: 15 to 45 eV
• Half Angle: 10 degrees
 Energy resolution at FWHM 
is 0.62
 Angular resolution is ± 5 
degree
 Throughput efficiency is 
0.31
As seen above and to the right, adding 
collimator baffles significantly decreases both 
the throughput and the angular field of view.
With no collimator segment, there is no cutoff 
at higher energies.
Energy and Angular Resolution with 
Baffles Simulation Results
 The ESA bias voltage was set at 4 V to allow a 
30 eV center of the bandpass energy
3
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 The collimated sensor head provides a greatly 
increased ability to filter out ions entering from a non-
parallel trajectory
 This results in a much improved energy resolution
 The lack of a collimator on the prototype version most 
likely resulted in the poor energy resolution when 
compared to analytical calculations
• Especially considering the wide beam and diverging 
plume created by the magnetic-filter source
 The desired geometric factor is required to determine 
the number of elements / apertures needed to compare 
with current state-of-the-art ESAs
• The Helium, Oxygen, Proton, and Electron (HOPE) 
instrument on-board the recent Van Allen Probes 
Mission had a GF ~2e-3 cm2 sr eV/eV
• Initial analysis shows GF per aperture of laminated 
design is approx. 1.3e-7 (3 baffles), 7.1e-7 (1 baffle) to 
4.2 e-6 cm2 sr eV/eV (0 baffles) 
• To obtain the same geometric factor as HOPE for a 
base design – using 1 baffle requires 2,800 
apertures, using 2 baffles requires 6,700 apertures, 
using 3 baffles requires 15,400 apertures.
CubeSat Point Design
# baffles Energy Resolution Angular Resolution Throughput
3 .18 +/- 2 0.065
2 .20 +/-2.5 ---
1 .30 +/- 5 ---
0 ~62 +/- 10 0.31
2,880 apertures                 6,720 apertures                 12,720 apertures 
Contained on 1U (10 cm x 10 cm) face with 8 cm x 8 cm working area.
# Apertures Req’d
Face Area 
(cm2)
Distribution GF,          
0 baffles
(cm2 sr
eV/eV)
GF,           
1 baffle
(cm2 sr
eV/eV)
GF,           
3 baffles
(cm2 sr
eV/eV)
Fits on 1U 
Face?
2880 14.4 80 x 36 12.0e-3 2.0e-3 0.4e-3 Yes
6720 33.6
80 x 84 
(2x 80 x 42)
28.2e-3 4.8e-3 0.9e-3 Yes
12720 63.8
80 x 159 
(3x 80 x 53)
53.4e-3 9.0e-3 1.7e-3 Yes*
15360 77.2
80 x 192 
(4x 80 x 48)
64.5e-3 10.9e-3 2.0e-3 No**
* theoretical maximum for 8 x 8 cm working area on 1U face
** exceeds working area but is possible within 1U volume
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